A new method of cootrolled ventilation in apneic patients, using small catheters inserted percutaneously into the trachea via the cricothyroid membrane, was studied in 36 terminally ill patients. A specially designed l4-gauge catheter was inserted percutaneously into the trachea via the cricothyroid membrane, and attached to standard wall oxygen at 60 Ib per-square-inch pressure and 60 litersper-minute flow. Ventilation was performed either manually or with a specially designed mechanical ventilator. Satisfactory ventilation was achieved in all patients in the presence of an open upper airway. There were no complications attributable to the procedure. The principle of the technique involves intermittent idation of the lungs during high flow of oxygen. Deflation occurs by spontaneous recoil of the chest and lungs when flow is stopped. Even with a large oral air leak, adequate pressures are achieved through a small catheter. The procedure is simple, and effective controlled ventilation is safely accomplished within fifteen seconds. There is no risk of gastric dilatation with this procedure. The flow of gas up the airway aids in the expulsion of secretions, minimizing the need for suction and preventing pulmonary aspiration. mergency ventilation techniques including maskbag ventilation, endotracheal intubation, hacheostomy, and cricothyroidotomy have remained unchanged for many years. A new technique utilizing the high-flow, high-pressure jet principle has been With this technique, immediate controlled positive-pressure ventilation can be safely obtained in seconds by the insertion of a special catheter percutaneously into the trachea.
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The present report reviews our experience with this technique of transtracheal catheter ventilation in 36 apneic patients. ' A specially designed inner-needle, outer-catheter unit, consisting of a 14-gauge needle within a catheter (1.5 mm diameter inner lumen) was used. With the patient in the supine position, the chin was elevated and the cricothyroid membrane palpated. The trachea was stabilized between the thumb and index finger of one hand. The catheter unit, with a plastic syringe attached, was advanced into the tracheal lumen and aimed distally at approximately 60 degrees to horizontal ( Fig 1 ) . The syringe was aspirated and, when the free return of air assured the intraluminal position of the end of the needle-catheter unit, the needle portion was stabilized and the plastic catheter advanced its full length distally into the trachea. The inner-needle was removed, and the free aspiration of air again confirmed to assure the intraluminal position of the catheter. The catheter hub was then securely fastened to the skin to prevent retrograde migration (Fig 2) . One end of a length of flexible gas conducting tubing was attached to the catheter hub, the other end to a handoperated valve, which was in turn connected by an additional turning the valve to allow flow of gas into the lungs. Expiration was achieved by closing the valve to stop the gas flow and allow egress of gas from the lungs, which occurred passively secondary to the elastic recoil of the lungs and chest cage. Using this technique, and with 60 psi pressure applied to the proximal catheter orifice, 100 percent oxygen was forced through the catheter at a flow rate of 60 liters per minute (Fig 3) . With an inflation-to-deflation time ratio of In some patients, after adequate ventilation was obtained manually, a specially designed ventilator permitting automatic cycling was attached.'
Thirty-six terminally ill, comatose patients were selected for study. Control arterial blood gas determinations were obtained, the catheter was inserted as described above, any endotracheal tube was removed, and ventilation begun.
During the period of study all patients were totally apneic, either from their disease process, by respiratory paralysis induced by intravenously administered succinylcholine, or by hyperventilation to apnea. Vital signs and chest auscultation were observed every five minutes, and repeated arterial blood gas determinations were obtained after 30 minutes of transtracheal catheter ventilation with 100 percent oxygen. After completion of the procedure, chest x-ray films were taken. Autopsies were performed when possible in those patients who succumbed from their primary disease processes.
Minute ventilation through the catheter, as well as effective ventilation (total ventilation less retrograde oral air leak, based on passive exhaled volume) was measured using a Wright Respirometer. Airway pressure was measured with a manometer attached to a second catheter advanced into a distal bronchus.
Arterial blood was used for all determinations of P*, PCOZ and pH. Specimens were collected anaerobically, kept at 4"C, and analyzed within 30 minutes of collection.
The 36 comatose patients were ventilated with 100 percent oxygen for 30 minutes each, without any complications attributable to the procedure. Insertion of the catheter and institution of ventilation were usually achieved within 10-15 seconds. Even chest expansion and diaphragmatic excursion always occurred. Airway pressures ranged from 8-25 mrn Hg. Adequate ventilation, as reflected in arterial blood gas levels, was achieved in each case, and hyperventilation could be achieved when desired (Table 1 ) .
Chest x-ray films revealed no extravasation of gas, whom autopsies were performed, no evidence of trauma was noted, and after one day even the cricothyroid membrane puncture site was difficult to identify. Of the 20 liters per minute of gas delivered through the catheter to the patient, one-third to onehalf was effective ventilation, while the remainder forcefully escaped retrograde through the mouth. This retrograde gas leak had the beneficial effect of expelling and preventing the pooling of oropharyngeal secretions.
Emergency ventilation customarily begins with mask-bag ventilation, followed by removal of the face mask and insertion of an endotracheal tube. This is associated with many potential dangers to the patient, the gravest being cessation of cardiac massage and prolonged apnea until the endotracheal tube is placed within the trachea. When forcefully done, mask-bag ventilation can result in very high intrapulmonic pressures. Such high pressures may result in rupture of alveolar walls and emphysematous blebs, with the development of pneumothorax. Mask-bag ventilation may also force oral secretions and regurgitated gastric material down the trachea.
Emergency endotracheal intubation is frequently performed by relatively inexperienced personnel. Even in the hands of more experienced persons, this is an extremely trying situation because of the motion caused by cardiac massage, less than ideal physical working area and position of the patient, the presence of secretions or vomitus, the need for immediate suction, the occasional struggling of a stuporous patient, limitation in selection of laryngoscope blade sizes and shapes, and limitation of endotracheal tube sizes and malleable inner rods. The mask-bag unit must be removed to allow intubation to proceed. Often cardiac massage has to be discontinued transiently to stop the physical jarring of the CHEST, VOL. 65, NO. 1, JANUARY, 1974 TRANSTRACHEAL CATHETER VENTILATION patient. In difficult situations apnea and even cessation of cardiac massage too often progress longer than desirable. Esophageal intubation, broken teeth, regurgitation and aspiration, and prolonged hypoxia are not infrequent occurrences.
Occasionally an emergency tracheostomy is performed because of inability to inflate the lungs. Besides the standard surgical tracheostomy procedure, a number of instruments have been devised which cut or dilate their way into the trachea. The most popular are the Sheldon tracheotome3 and a needlebougie endotracheal tube device devised by Toy and Wein~tein.~ These t'ake even skilled physicians at least one to two minutes to insert, may be associated with laceration of major vessels or the esophagus, and result in a large tracheal h 0 1 e .~~~ Standard mechanical ventilation generally involves the use of cuffed endotracheal and tracheostomy tubes, usually with the balloon cuffs inflated. However, one can effectively ventilate through tubes without cuffs, even in the presence of a large air leak out the mouth and nose. Meltzer, in 1909,5 utilized large tracheostomy cannulae without cuffs, in the absence of spontaneous respiration, to produce adequate ventilation. He used pressures of 15 to 20 mm Hg to achieve positive-pressure ventilation because of the presence of a large air leak around the tube.
However, he needed to use a cannula two-thirds the diameter of the trachea to get a satisfactory tidal volume with the low ventilating pressures used.
The cricothyroid membrane has been used as a site for the injection of local anesthesia for bronchoscopy for over 50 years." The complication rate following this procedure has been reported to be less than one-half of one per cent.'v8 The insertion of small catheters percutaneously into the trachea in patients after operation has also been utilized to inject saline and mucolytic agents. This stimulates the cough reflex and has been shown to be effective in preventing and treating atelectaskg A number of i n v e s t i g a t o~s~~'~ have studied the efficacy of ventilation through needles, catheters and cannulae of various sizes. Hughes et all0 found that large dogs and calves with complete occlusion of the upper airway could not adequately ventilate without assistance breathing room air through 13-gauge needles. Bougas and Cook1' concluded that effective spontaneous ventilation was not possible in human beings ( both adults and children ) through needles as large as 13-gauge. Jacoby et a1,12 using oxygen insufflated through 13-gauge intratracheal needles at a flow rate of 15 literslminute, could maintain life in dogs for 30 minutes. In a subsequent study,I3 they obtained good results using oxygen flowing at four to five liters per minute through 18-gauge needles in patients with inspiratory (but not expiratory) occlusion of the trachea, all of whom had adequate spontaneous ventilatory efforts. Reid et all4 utilized large cannulae (0.36 cm inside diameter: two times the diameter and four times the cross sectional area of a 13-gauge needle) in apneic dogs. Intermittent insufflation at 18 liters per minute resulted in effective ventilation, but only achieved intrapulmonic pressures of 2.5 cm HzO. Sanders,15 utilizing a bent 15-gauge needle adapted to the outside end of a bronchoscope and using very high pressures (40 to 60 psi), was able to achieve adequate thoracic expansion in anesthetized, paralyzed patients, and similar results were obtained with this technique by Morales et al.Is
We have utilized high pressure (60 psi: 4,000 cm H20) to force large volumes of compressed gas through a special flexible 14-gauge (1.5 mm diameter) catheter inserted percutaneously through the cricothyroid membrane into the trachea. Using 60 psi, which is the pressure obtained from the hospital wall oxygen outlet, a flow rate of 60 literslrninute is obtained. This is cycled on and off by a hand-operated valve or a specially designed ventilator.' Cycling at an inflation-to-deflation time ratio of 1:2 results in a volume of 20 liters per minute delivered to the patient, of which approximately one-third to one-half is effective ventilation. By placement of the catheter into the trachea below the vocal cords, even patients with complete inspiratory obstruction can be very effectively ventilated, as long as there is no expiratory obstruction. This system is analogous to the use of a cuffless endotracheal tube, and distal airway pressures of 8 to 25 mm Hg are obtained. Adequate ventilation ( and even hyperventilation ) is easily and safely achieved through this 14-gauge catheter in apneic patients. We have had no complications or deaths from the procedure, and even relatively inexperienced personnel can be easily taught to insert the catheter in less than 15 seconds. Although we have not experienced this complication, it is theoretically possible to perforate the posterior tracheal wall during insertion of the needlecatheter unit into the trachea. This might be especially likely in the presence of airway obstruction above the cricothyroid membrane, with inspiratory effort causing retraction of the trachea. Awareness of the possibility of this complication, and its prevention by careful insertion, including aspiration to detect free return of air and assure the intraluminal position of the needle-catheter unit during insertion, would appear to be indicated.
An important feature of this technique is that it is not necessary to cease cardiac massage and maskbag ventilation during the catheter insertion. Oncc CHEST, VOL. 65, NO. 1, JANUARY, 1974 the catheter has been inserted and catheter ventilation is underway, an endotracheal tube can be inserted with less urgency a n d less risk during the uninterrupted ongoing effective catheter intermittent positive-pressure ventilation. An additional advantage of this technique is t h e expulsion and prevention of pooling of oropharyngeal secretions by the retrograde gas leak.
A potential application of this technique could involve the prophylactic insertion of a transtracheal catheter in patients thought to be a t high risk for the development of cardiorespiratory arrest. I n this event, controlled ventilation could be achieved promptly at the onset of arrest. The catheter could also serve to supply low-flow oxygen enrichment.
Another potential application might be in carefully selected patients who could be ventilated transtracheally over a period of days using humidified gas, rather than undergo a tracheostomy or have a n endotracheal intubation performed. This would preserve a n effective cough mechanism and avoid some of the potential dangers, such as infection, associated with these latter procedures. Since one cannot effectively suction secretions through this small catheter, however, it is not recommended as a replacement for a large bore tube in most patients needing chronic care.
